Abstract. We introduce a new dark matter candidate, the lightest U-parity particle (LUP). We suggest it as a good dark matter candidate especially in the R-parity violating supersymmetric model.
INTRODUCTION
where the terms in parentheses are the renormalizable lepton number (L ) violating terms and baryon number (B) violating terms, which are forbidden by the R-parity. As the superpotential shows, the L violation and/or B violation are one of the most general predictions of SUSY. This superpotential has some problems. The R-parity was introduced to prevent fast proton decay. It forbids all renormalizable level L violating terms and B violating terms, which is not necessary since forbidding only either L violating terms or B violating terms would be sufficient in preventing proton decay through the renormalizable terms. But, the R-parity makes all of these vanish and precludes some potentially interesting phenomenology associated with these terms. Furthermore, the R-parity allows dimension five L and B violating terms (such as QQQL and U c U c D c E c ), which can still mediate too fast proton decay [5] . Therefore, the Rparity by itself is incomplete in addressing the proton stability. Besides, the superpotential has the so-called µ-problem [6] , which requires another mechanism or sym- 1 The talk was given at SUSY 2008 conference in Seoul, Korea. metry for the solution. The issues of the R-parity conserving MSSM suggests to look for an additional or alternative explanation.
In this talk, we set our goal to construct a standalone R-parity violating TeV scale SUSY model without the µ-problem, proton decay problem, and dark matter problem. We will show that the R-parity violating U(1) ′ model can be an alternative to the usual R-parity conserving model. TeV scale U (1) ′ gauge symmetry is motivated to solve the µ-problem by replacing the original
is dynamically generated when the U(1) ′ is spontaneously broken by the Higgs singlet S with a TeV scale vacuum expectation value (vev). See Ref. [7] for a recent review of the U(1) ′ gauge symmetry. Here we will use the residual discrete symmetry of the U(1) ′ to address the proton stability and dark matter stability.
PROTON STABILITY WITHOUT R-PARITY
The most general Z N discrete symmetry compatible with the MSSM sector is given in Ref. [8] .
It was found that the U(1) ′ symmetry that solves the µ-problem does not allow the simultaneous existence of the L violating terms and the B violating terms [1] . We will consider only the L violation case in this talk. From the superpotential terms and [SU(2)] U(1) ′ charges, and it turns out it is B 3 discrete symmetry, called baryon triality. In other words, when the U(1) ′ is assumed to solve the µ-problem, and an effectively renormalizable L violating term (such as LLE c ) is assumed, the B 3 discrete symmetry is automatically invoked in the MSSM sector as a residual discrete symmetry of the U(1) ′ [3] .
Due to the selection rule of the B 3
the proton decay, which is ∆B = 1 process, is completely forbidden under the baryon triality [9] .
DARK MATTER CANDIDATE WITHOUT R-PARITY
Since the R-parity is absent, the lightest superparticle (LSP) is not a good dark matter candidate in general. In principle, it is possible to introduce another symmetry such as global Peccei-Quinn symmetry, which can provide an axion dark matter candidate. However, we will try to come up with a dark matter candidate in our model without introducing an independent symmetry. We do that by extending the residual discrete symmetry to the hidden sector, and take the hidden sector field our dark matter candidate. The SM singlet fields, or hidden sector fields, are often necessary to satisfy the anomaly free conditions with new gauge symmetry, such as [gravity] 2 −U(1) ′ and
Their fermionic component can be either Dirac or Majorana, but we will consider only Majorana type for the simplicity, which has the mass term as
When the S gets a TeV scale vev, the hidden sector field X naturally gets a TeV scale mass. It is a neutral and massive particle, and it will be good dark matter candidate if it is stable. Now the question is how to ensure the stability of this particle. We want to introduce a new parity, which we name U-parity [2] . Under the U-parity, the MSSM fields have even parity, and the hidden sector fields X have odd parity.
The lightest U-parity particle (LUP) will be the lightest hidden sector field X, and it will be stable by the Uparity. Depending on physical masses, the LUP can be either fermionic or scalar component of the X. We do not want to introduce the U-parity by hand, and rather we want it a residual discrete symmetry of the U(1) ′ .
We can achieve it by the charge assignment where the
with the discrete charges
Other possible exotics are assumed to be heavier than the lightest X so that they are not protected by the U-parity.
UNIFIED PICTURE OF STABILITIES
Now, how do we have both the B 3 and U-parity? We want to consider a U(1) ′ gauge symmetry with a residual discrete symmetry Z 6 , which is equivalent to the direct product of the B 3 and U-parity.
A unified picture of the stabilities in the observable and hidden sectors
We can take it as a simple example of a more general case where total discrete symmetry is equivalent to the direct product of the MSSM sector (or observable sector) discrete symmetry and the hidden sector discrete symmetry [4] .
where N = N 1 N 2 ; N 1 and N 2 are coprime.
A unified picture about the stabilities in the MSSM sector and the hidden sector arises (Figure 2) . A single U (1) ′ which interacts with both the MSSM sector and the hidden sector provides discrete symmetries for both sectors. In the usual R-parity conserving MSSM, there is a single discrete symmetry which addresses the proton stability and the LSP dark matter stability in the MSSM sector. Here, there is a single gauge symmetry, which we already have to solve the µ-problem, and it addresses the proton stability in the MSSM sector and the LUP dark matter stability in the hidden sector.
To be a viable dark matter candidate, however, the LUP should satisfy the relic density and direct detection constraints too. As Figure 1 shows, the LUP dark matter can satisfy both constraints simultaneously (see Ref. [2] for parameter choices). Table 1 compares the usual R-parity conserving MSSM and the R-party violating U(1) ′ model we considered here. As it shows, the TeV scale U (1) ′ gauge symmetry is an attractive alternative to the usual R-parity. 
SUMMARY

